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Titulo: Fiabilidad y validez de la version espafiola del "Childhood Executi-
ve Functioning Inventory" (CHEXI).

Resumen: Contexto: El Childhood Executive Functioning Inventory
(CHEXI) se diseié para detectar déficit de Funciones Ejecutivas (FE) en
contextos de la vida diaria. El propésito del presente estudio era validar la
version espafiola del CHEXI para nifios de 4 y 5 afios. Método: Se obtuvie-
ron las valoraciones de los padres y las puntuaciones en test de laboratorio
en una muestra de 445 niflos de 4 afios (196 nifias, 249nifios) y otra de 459
nifios de 5 afios (208 nifias, 251 nifios). Un aflo mas tarde se volvieron a re-
coger las valoraciones de los padres en CHEXI. Resultados: Se replicé la es-
tructura de dos factores de CHEXI (Memoria de Trabajo e Inhibicién), ob-
teniendo una alta consistencia interna y estabilidad temporal. Los nifios de
4 afios eran valorados con mayor déficit en FE que los nifios de 5 afios.
Los nifios alcanzaban puntuaciones mas elevadas de déficit de FE. Sin em-
bargo, no apatecieron diferencias significativas de género en las pruebas
conductuales. Finalmente, se encontr6 una baja asociacién entre las valora-
ciones de CHEXI y las puntuaciones de las pruebas conductuales. Este re-
sultado sugiere que los inventarios y las medidas conductuales evalian dife-
rentes aspectos de las FE. Conclusiones: 1a versién espafiola de CHEXI
ofrece un instrumento valido para evaluar las FE en nifios de 4 y 5 afios.
Palabras clave: Inventario de FE. FE en nifios de prescolar. Asociacién
entre las puntuaciones de FE en inventarios y pruebas conductuales.

Abstract: Background: The Childhood Executive Functioning Inventory
(CHEXI) was designed to identify EF deficits in daily life contexts. The
aim of the present study was to validate the Spanish version of the CHEXI
in 4-5-year-old children. Mezhod: Parents’ ratings of the CHEXI and labora-
tory tests of EF were investigated in two large samples of 445 children
aged 4 years (196 girls, 249 boys) and 459 children aged 5 years (208 gitls,
251 boys). CHEXI ratings were collected again after one-year. Results: The
two-factor structure of the CHEXI (i.e., Working Memory and Inhibition)
was replicated, showing high internal consistency and temporal stability.
The 4-year-olds were reported to have higher EF deficits than 5-year-olds
have. Boys were rated as having higher EF deficits than girls were. Howev-
er, gender differences were not significant contrasting performance on EF
tasks. Finally, associations between CHEXI ratings and EF tests were
weak, suggesting that EF tests and EF ratings capture different aspects of
EF. Conclusions: The Spanish CHEXI provides a suitable instrument to as-
sess EF in 4-5-year-old children.

Keywords: EF inventory. EF in preschool children. EF ratings and EF
tests associations.

Introduction

Executive function (EF) is a construct defined as a set of
tightly related high order cognitive skills involved in self-
regulation needed to perform goal-directed behaviours
(Miyake and Friedman, 2012). EF enables the mental manip-
ulation of ideas, novel information management, inhibition,
and concentration during the execution of complex tasks.
According to Diamond (2013, 2020), EF comprises three
core components: (a) inhibition — the ability to control atten-
tion and to refrain from responding to non-relevant stimuli,
(b) working memory (WM) — the ability to hold and incorpo-
rate new information in memoty, and (c) flexibility/shifting
— the ability to go back and forth or to redirect attention ac-
cording to task demands. More recently, Garcia-Madruga,
Gomez-Veiga, and Vila (2016) included a fourth core EF:
focusing and sustaining attention. Past research has shown a
strong association between early EF competence and later
outcomes along adolescence and adulthood in many aspects
of daily life (Best, Miller, & Jones, 2009). In addition, EF
deficits have been observed in children with neurodevelop-
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mental disorders (Willcutt et al., 2005). Due to the im-
portance of early executive functioning in child develop-
ment, it is necessary to have reliable and valid measures of
EF in young children. The overall aim of the present study
was therefore to investigate the psychometric properties of
the Child Executive Functioning Inventory (CHEXI), a scale
designed to assess EF in daily life contexts, for Spanish 4-5-
year-old children.

Early identification of EF deficits

The assessment of EF is of special interest at the start of
schooling. This age period is marked by dramatic increases in
the efficiency of EF related to the maturation of frontal
lobes (Romine & Reynolds, 2005). Increases in cognitive
control are accompanied by better performance on EF
measures. Thus, tasks that are extremely difficult at age 3 are
easily solved by age 6 (Carlson, 2005; Diamond, Kirkham, &
Amso, 2002). Furthermore, studies have pointed to continui-
ty in the development of EF. For example, Friedman et al.
(2007) found that participants who had better self-restraint
when toddlers, achieved higher outcomes on inhibition, up-
dating, and shifting tasks at 17 years. Another reason for ear-
ly assessment is that strong EF competence in childhood has
been linked positively to preparedness to school (Shaul &
Schwartz, 2014), later academic achievement (e.g., Best, Mil-
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ler & Naglieri, 2011; Blair & Diamond, 2008), and that chil-
dren with good inhibitory control were less vulnerable to fail
in social and learning contexts, and were more successful in
life (Moffitt et al., 2011). Finally, this is the time to observe
the first signs of difficulties that will affect later development
(Isquith, Gioia, & Espy, 2004; Sjéwall, Bohlin, Rydell, &
Thorell, 2017). In addition, due to the quick development of
EF at this age, small (non-clinical) efficiency lags can also be
observed in typically developing children (Thorell, & Catale,
2014). These results indicate the need of reliable instruments
to assess preschoolers’ EF functioning in daily life contexts.

Rating scales are appropriate for this purpose because
they make it possible to evaluate the child’s behaviour in
natural contexts (i.e., they have high ecological validity). In-
ventories have two clear advantages over laboratory
measures. First, they are easy to administer and to score,
therefore cost-efficient. Second, the information gathered by
inventories refers to a long period of time, while the
measures obtained by the tasks are limited to a specific point
in time.

The Childhood Executive Functioning Inventory
(CHEXI)

The CHEXI (Thorell & Nyberg, 2008) was designed to
focus specifically on deficits in WM and inhibition, without
including items that are closely aligned with the symptom
criteria  for Attention Deficit Hyperactivity Disorder
(ADHD; e.g., “is impulsive” and “has a short attention
span”). The CHEXI consists of 24 items that describe daily
life behaviours with a colloquial expression and concrete ex-
amples to make the items easy to understand for parents and
teachers. The CHEXI can be completed in only 5 minutes
what makes it suitable both as a screening tool for identify-
ing EF deficits in children with special needs (for example
those with neurodevelopmental disorders), as well as for rat-
ing EF among normally developing children in an educa-
tional setting or for research purposes.

The fact that the CHEXI can be downloaded free of
charge (www.chexi.se) in different languages may have con-
tributed to its quick dissemination since it first publication in
Swedish. Validation studies have been conducted with
French populations in France (Catale, Lejeune, Merbah, &
Meulemans, 2013), and Belgium (Catale, Meulemans, & Tho-
rell, 2015); with Portuguese speakers in Brazil (Tonietti, Mar-
tins, de Almeida, & Gotuzo, 2017), and with American Eng-
lish participants in the USA (Camerota, Willoughby, Kuhn,
& Blair, 2018). Both the original validation study (Thorell &
Nyberg, 2008) and other language versions of CHEXI have
generally found a two-factor structure — WM and Inhibition
— to be the best fitting model to the data. Only the Brazilian
version showed a distribution of the items closer to a one
factor structure that the authors attributed to that the EF
components could be less differentiated in their 4-year-old
participants (Tonietti et al., 2017). Previous research has also
shown adequate reliability in 5-6 year old children (Thorell &
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Nyberg, 2008), as well as for older children (Catale et al,
2015), and for the versions in different languages cited
above. Finally, the CHEXI has been shown to be able to
discriminate between children with ADHD and typically de-
veloping controls, with overall classification rates ranging be-
tween 84-94% (Catale et al., 2015; Thorell, Eninger, Brocki,
& Bohlin, 2010). Taken together, these findings provide
convincing evidence of the utility of the CHEXI as a screen-
ing tool to assess EF in children.

One way of evaluating the internal structure of the
CHEXIT ratings is to examine the extent to which they are re-
lated to performance-based measures. However, the majority
of research has found weak associations. In a study including
6-year-old Swedish children, Thorell and Nyberg, (2008) re-
ported moderate correlations between CHEXI parents’ and
teachers’ ratings and the scores on a measure of inhibition
(i.e., the go/no-go task) and on a word span task to assess
WM. Furthermore, cotrelations were not restricted to the
tasks designed to assess the skills corresponding to each spe-
cific factor. (i.e., both parents’ and teachers’ ratings on the
memory factor were significantly associated with the inhibi-
tion task, and teachers’ ratings on the inhibition factor corre-
lated with word span). Other study with a sample of 5-7-
year-old Belgian children (Catale et al., 2013) also failed to
find relations between CHEXI ratings and different EF tasks
and the review by Toplak, West, and Stanovich (2013)
showed that weak relation between EF tests and EF ratings
have been demonstrated also for other instruments. The au-
thors emphasized that this should be taken as evidence that
tests and ratings are measuring partly different constructs, ra-
ther than as a sign of poor validity and that both tests and
ratings should be used as a complement to one another.

Aim of the present study

The CHEXI has been previously used in a cross-cultural
study with 6 to 11-year-old Spanish children (Thorell, Velei-
ro, Siu, & Mohammadi, 2013). There is also an adult version,
the Adult Executive Function Inventory (ADEXI; Holst &
Thorell, 2018) already validated in Spain (Garcia-Villamisar,
Jodra-Chuan, Saez, & Thorell, 2020). However, except for
split-half reliability and relations to academic achievement,
the psychometric properties of the Spanish version of the
CHEXI have not yet been examined. In addition, no previ-
ous study has examined the Spanish CHEXI in children be-
low school age. This is a serious limitation as the CHEXI is
frequently used in both research and within clinical settings
in Spain. The overall aim of the present study was therefore
to validate the Spanish version of the CHEXI in a preschool
population. More specifically, the following issues were ad-
dressed:

1. To what extent the previously established two-factor
structure of the CHEXI can be replicated for the Spanish
CHEXI in preschool children.

2. Temporal stability in CHEXI parent ratings collected
one year apart.
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3. Effects of age and gender in executive functioning as-
sessed using the Spanish CHEXI.

4. Associations between parent ratings using the Spanish
CHEXT and EF laboratory tests.

We expected to find evidence of age differences as pre-
vious research has shown that EF abilities have a quick de-
velopmental progtession during the preschool age (Dia-
mond, 20006). In line with previous studies examining gender
differences for CHEXI ratings (Camerota et al., 2018; Tho-
rell et al.,, 2013), we expected boys to receive higher scores
(i.e., poorer executive functioning) on the CHEXI compared
to girls. With regard to associations between CHEXI parent
ratings and EF tasks, we expected to find significant, alt-
hough modest, correlations as previous studies indicated that
both measures tap partially different constructs (Toplak et
al., 2013).

Method

Participants and procedure

The present study used data from two different samples:
a sample of 445 children (196 gitls, 249 boys) in the 27 year
of preschool (mean age = 4.37 years SD = .291), and a sam-
ple of 459 children (208 girls, 251 boys) in the 1%t year of
primary school (M = 5.46 years SD = .284). Thus, the mean
age difference between both samples was 1.09 years. The
samples were recruited from 30 public schools in the prov-
ince of Malaga (Spain). According to the classification norms
of the region, 25.3% came from low, 35.9% from medium,
and 38.9% from high SES families. Teachers were inter-
viewed to make sure that none of the children had an intel-
lectual disability or any severe deficits in sensory or motor
functioning. Parents completed the CHEXI at home. A se-
lection of parents (7 = 115; 59 4-y-0; 56 5-y-o children) were
asked to complete the CHEXI a second time one year later.
The laboratory tests were completed individually in a room
of the school the participants normally attended. Children
were seated in front of a computer screen. Then, the exam-
iner explained the tasks and instructed them in the use of the
mouse. Tests were administered in a randomized order in a
single session. The examiner paused when the child looked
tired, what made the session vary in duration between 45-60
m.

Materials
Childbood Executive Functioning Inventory (CHEXI)

The CHEXI includes 24 items describing relatively
common behaviours in different contexts that tap two un-
derlying factors: WM and Inhibition (Thorell & Nyberg,
2008). Responders (parents or teachers) are requested to rate
the child’s behaviour on a five-point Likert scale ranging
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from 1 (definitely not true) to 5 (definitely true). Higher rat-
ings are indicative of poor executive functioning.

Performance-based measures of executive functioning

For the present study, three EF tasks, originally designed
for children from eight years, were adapted to be applied to
pre-schoolers. The tasks and the adaptation are described be-
low.

Task of quantity-number interference (CANUM,
Gutiérrez-Martinez, Ramos-Ortega, & Vila, 2018). A group
of numbers is shown on the screen. In the centre, there is a
number in black that is presented one, two, three or four
times. On each side of the black numbers, there is a number
in grey (e.g., 14443). One of these grey numbers corresponds
to the number of times the central (black) number is pre-
sented. Participants are instructed to respond by clicking
once the mouse button (right or left) on the side showing
the number that cotresponds to the number of times the
central number is repeated (relevant dimension), and to ig-
nore the numerical symbol (irrelevant dimension). In the ex-
ample shown above, the right mouse button should be
clicked because the central black number 4 is repeated three
times, and the grey number 3 is presented to the right. As in
the Stroop color-word test, the participant would face con-
gruent (e.g., 2221, "2 twos") or incongruous configurations
(e.g., 12223, “3 twos"). Therefore, facilitating (congruent cas-
es) or interference (incongruous cases) effects can be gener-
ated. The task forces active maintenance, selection, and inhi-
bition processes to effectively manage interference and pre-
ponderant response trends. To make the task applicable to
4-5-year-old children, 6 training and 48 (24 congruent, 24
incongruous) items were selected from the 120 items that
constituted the task. One point was awarded for each correct
trial (i.e., maximum score 48 points). Cronbach’s alpha =
.910.

Name-sound correspondence (PRIM, Gutiérrez-
Martinez, & Vila, 2004). This is a task of image-sound corre-
spondence used to measure executive-attentional-inhibitory
ability. The task was limited to 60 trials (10 training trials and
50 test trials) but including the same categories: objects of
eight categories animal, color, fruit, music, numbers, cloths,
transport, and tools. An image is shown on the centre of the
computer screen followed by a name sound. Participants are
instructed to respond by clicking the left mouse button if the
name and image correspond or the right mouse button if
they differ. The task includes a small number of incorrect
matches (5) to bias the answer. Therefore, although task
processing is easy, it requires sustained attention. One point
was awarded for each correct trial (i.e., maximum score 50
points). Cronbach’s alpha = .910.

Working Memory Task (CATEG-WM, Gutiérrez-
Martinez & Vila, 2004). This task forces the subject both to
maintain attentional control of the double task (switching
between processing and storage), and to “update” at the time
of the response (control of possible interference between the
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two categories). Images are presented in 2x2 matrices on the
computer screen. Participants are instructed to complete two
tasks simultaneously. The participant is asked to select and
name the image that is different from the other three, the
one that does not belong to the general category, #he intruder.
The name of the intruder has to be kept in mind because af-
ter some trials a big question mark will appear on the screen,
and the participant will be required to name all the intruders
in the same order as they were shown (i.c., recalling task).
The task consists of three levels gradually increasing in the
number of items to remember (intruders) (2 items in the first
level, 3 items in the second level, and 4 items in the third
level). To pass to the following level, the participant has to
obtain at least one point on the previous level. Two points
are awarded if the intruders are named in the correct order,
one point if the child names all intruders, but in an incorrect
order. The number of correct answers in each level were
recorded, and multiplied by 2, 3 or 4 depending on the level.
The maximum score for this task is 54 points. Cronbach’s
alpha = .841.

The stimuli were computerized and applied through
LEEDUCA, an Internet-based platform that allows stimuli
presentation and recording of both Reaction Time and Suc-
cess-Errors. For the CANUM and PRIM tasks, correct-
incorrect answers and the time taken to respond were rec-
orded. For the CATEG-WM task, only correct answers were
recorded.

Statistical analyses

First, evidence of internal structure (factor validity) of
the CHEXI was examined. As previous studies have repeat-
edly found a two-factor structure for the CHEXI, we per-
formed the Confirmatory Factor Analyses (CFA) to assess
the adequacy of this two-factor model with WM as one of
the factors and Inhibition as the other factor. The following
ctitetia were used: 1) a y2/df value lower than 3 indicates a
good fit; 2) a Comparative Fit Index (CFIL; Bentler, 1990)
greater than .95 constitute good fit between .90 and .95 show
an acceptable fit, and values lower than .90 a poor fit; 3) a
Root Mean Square Error of Approximation (RMSEA) value
lower than .05 reflects a good fit, between .05 and .80 is a
moderate fit, greater than .80 indicates a poor fit; 4) a Root
Mean Square Residual (RMSR) value ranging from 0 to 1
represents a better model fit. An analysis of the measure-
ment invariance with two factors (i.e., age and gender) was
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also carried out. Internal consistency of the obtained factors
was examined using Cronbach’s alpha () and McDonald’s
omega ().

Second and temporal stability in parent ratings collected
one year later was examined using bivariate correlations.
Third, correlations were used to examine associations be-
tween the CHEXI subscales and achievement on the three
EF tasks. Finally, A MANOVA was conducted to examine
mean comparisons among the groups (gitls vs. boys) and age
(4 vs 5 years) on the CHEXI ratings.

In the final data matrix, 5.78% had missing data on items
not answered or poorly filled in. No imputation of missing
data was used.” Only data from children who completed the
three behavioural tests and whose parent completed the
CHEXI ratings were included in the analyses.

Results

Confirmatory factor analysis (CFA)

With regards to the first objective, the two-factor model
originally established by Thorell and Nyberg (2008) was test-
ed using CFA with maximum likelihood (ML) estimation.
This model produced moderate-to-good fit indices: 1) a sig-
nificant chi-squate value, 2 (251) = 936.5, p < .00; 2) a y%/df
ratio of 373.1, which indicates a moderate fit; 3) an accepta-
ble CFI of .913; 4) a RMSR of .044, which indicates a good
fit to the data; 5) a RMSEA of .055, which also indicates a
moderate model fit. Items and their factor loadings are pre-
sented in Figure 1 and they showed high correspondence
with a two-factor solution. An analysis of the measurement
invariance with two factors (i.e., age and gender) was also
carried out. The fit of the model decreased when taking sub-
groups within the sample into account (see Table 1), but it
remained acceptable according to the ratio relating to the de-
grees of freedom and the RMSEA (Cieciuch, & Davidov,
2015).

As shown in figure 1, except three items in the Inhibition
subscale, items presented factor loadings over .70. The items
with low loading were the following: 10-Gers overly excited when
something special is going to happen (e.g., going on a field trip, going to
a party; 16-Has difficulty refraining from smiling or laughing
in situations where it is inappropriate, and 22-Acts in a wilder
way compared to other children in a gronp (e.g., at a birthday party or
during a gronp activity).
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Factor structure and factor loadings.
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The two resulting subscales for the Spanish CHEXI
showed good internal consistency for the 4 and 5 y-o sam-
ples, respectively. The WM subscale exhibited McDonald’s

w-values of .89 and .89; and Cronbach’s a-values of .89 and
.92. The Inhibition subscale obtained w-values of .82, and
.84, and a-values of .78 and .84.

Table 1

Fit indices for invariance tests of the two-factor model (sample: n = 904).

Model ) df P CFI RMSEA A-CFI
Gender

Configural invariance 109.2 416 .000 913 .043

Metric invariance 1148.0 461 .000 912 .042 .001
Scalar invariance 1186.4 483 .000 910 .041 .002
Age

Configural invariance 1039.6 416 .000 920 .041

Metric invariance 1103.9 458 .000 917 .040 .003
Scalar invariance 1178.6 483 .000 911 .040 .006

Temporal stability

Pearson correlations were calculated to examine the
temporal stability of the parent’s ratings after one-year inter-
val. The results showed that the temporal stability was high

for the total score (r = .71 for 4-year-olds and r = .65 for 5-

year-olds), as well as for both the WM subscale (= .61 and r

= .68, p <.001) and the Inhibition subscale (r = .61 and r =
.63, p <.001).
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Effects of age and gender

A MANOVA compared CHEXI total scores and sub-
scales scores across gender (404 girls, 500 boys), and age
groups (404 4-y-olds, 500 5-y-olds) as displayed in table 2.
For age, participants differed in relation to CHEXI total
scores and both subscales, with the 4-age group consistently
scoring higher than the 5-age group. For WM subscale,
F(1,903) = 3.653, p = .056, n*» = .004; the Inhibition sub-

Table 2

scale, I(1,903) = 11.288, p = .001, n?» = .012; the Total
scores, [(1,903) = 8.342, p = .004, n?p =.009.

Results revealed that girls and boys differed on the WM
subscale, F(1,903) = 5.700, p = .017, n’» = .0006; on the Inhi-
bition subscale, F(1,903) = 7.005, p = .008, n% = .008; on
the Total scores, F(1,903) = 7.771, p = .005, n?% = .009.
However, no significant interaction effects of age and gender
were found.

Mean and standard deviations for the CHEXI subscales Working Memory and Inhibition, total scores and mean comparisons by age and gender (MANOI/A).

Boys Girls F-value (n?) F-value (n?)

4 years, M (§D)  5-years, M (§D)  4-years, M (§D) 5 years, M (§D) by Age by Gender

WM 26.99 (8.3) 25.46 (7.0) 25.13 (7.8) 24.73 (8.5) 3.653* (.004) 5.700* (.006)
Inhibition 31.29 (7.1) 29.43 (7.3) 29.74 (7.6) 28.38 (7.4) 11.288** (.012) 7.005%* (.008)
Total 58.28 (13.6) 54.88 (13.4) 54.86 (13.9) 53.10 (14.7) 8.342* (.009) 7.771* (.009)

*p < 05; *p < 001
Associations between the CHEXI and EF tasks

Table 3 presents correlations between the scores on the
CHEXI scales and performance on EF tasks measuring ei-
ther inhibitory control (i.e., PRIM and CANUM tasks) and
WM (i.e., CANTEG-WM task). Among 4-year-olds, the
CHEXI WM subscale was significantly related to perfor-
mance on PRIM, CATEG-WM and CANUM-Time, but not

Table 3

to performance on CANUM-CA. The Inhibition subscale
was only significantly related to CANUM-Time. Among 5-
year-olds, both the CHEXI WM subscale and the CHEXI
Inhibition were significantly related to CANTUM-WM, but
no other significant relations were found among 5-year-olds.
It should also be noted that the highest correlation found
was only » = .15.

Mean Laboratory correct answers (CA) and Time (T) by age, correlations between the CHEXI factors Working Memory (WM) and Inhibition (INH), and results of ANOV'A by

age on the laboratory measures.

4 years 5 years F-value, by Age
CHEXI CHEXI

Mean (SD) WM INH Mean (SD) WM INH F P
CATEG-WM 10.6 (8.3) - 11 -.02 19.1 (11.3) -10%  -.09* 87.759 .000
CANUM CA 31.4 (8.4) -.04 -.06 33.6 (6.4) -.05 -.02 23.147 .000
Time 427.7 (159.3) 5%k Jd2% 330.8 (105.3) .08 .09 91.103 .000
PRIM CA 13.3 (8.0) - 15%* -.06 43.7 (5.6) -.02 -.03 10.883 .001

Time - - - 123.4 (37.7) .09 .07 - -

*p <.05; ¥Fp < .001
Note: CA = Correct Answers, WM = Working Memory, INH = Inhibition

Discussion

The present study was aimed to investigate the psychometric
properties of the Spanish version of the CHEXI, a rating
scale designed to measure everyday EF in children. The find-
ings indicated that the CHEXI shows adequate model fit in-
dexes, high internal consistency of the obtained factors, as
well as good temporal stability across a one-year time inter-
val. With regard to effects of age and gender, the results
showed that boys had larger ET deficits compared to gitls
and 4-year-olds had larger EF deficits compared to 5-year-
olds, especially with regard to inhibition. Finally, the results
showed that the CHEXI subscales were only weakly, alt-
hough in some cases significantly, related to performance on
EF tasks.
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Factor structure of the Spanish CHEXI

The results confirmed the same two-factor model that
emerged in the original version of the CHEXI presented by
Thorell & Nyberg (2008), as well as in subsequent adapta-
tions in different languages (e.g., Camerota et al., 2018; Cata-
le et al., 2013; Tonietti et al., 2017). Internal consistency of
the two factors was also satisfactory, as was the temporal
stability. Thus, parents’ ratings reflect that the two major EF
components, WM and Inhibition, constitute distinct aspects
of children’s cognitive functioning at an early age. An exam-
ination of the Inhibition subscale content revealed that the
three items with poor loadings on this factor explore over-
acting in social situations. This finding is important since it
might indicate that preschoolers show signs of different EF
components as a function of context. Based on these find-
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ings, we consider that the Spanish version of the CHEXI
provide reliable measures of everyday EF in preschoolers.

Effects of age and gender

With regard to effects of age, 5-year-old children were
rated as having better executive control than 4-year-olds and
were better performers on the EF tasks. These findings are
consistent with previous research that point to a rapid devel-
opment in EF during the preschool age (e.g., Garon, Bryson,
& Smith, 2008). Interestingly, the age difference was espe-
cially evident for the CHEXI Inhibition subscale, which
could be taken to indicate that EF components evolve at dif-
ferent speed. For example, Simpson and Riggs (2005) found
that 3.5 and 5-year-old children differed in their speed and
accuracy in the ‘night and day task’ measuring inhibition, and
that a reduction in the memory load did not result in im-
proved performance. These and other similar results provide
evidence that children’s inhibitory control show quick im-
provements at the preschool age, while WM might develop
more gradually (for a review, see Best & Miller, 2010). As
suggested by Diamond et al. (2002), it may sometimes hap-
pen that children know the correct answer, although they are
unable to inhibit the wrong answer.

When examining gender differences, boys were rated as
having more problems with executive control than girls with
regard to both WM and Inhibition. Our results are compara-
ble to prior findings of a female EF advantage in the
CHEXI validation study for US preschoolers (Camerota et
al., 2018) as well as in a CHEXI cross-cultural study of chil-
dren aged 6-11 years (Thorell et al., 2013). Using the Behav-
ior Rating Inventory of Executive Function (BRIEF), Sher-
man and Brooks (2010), showed that parents rated boys aged
2 to 5 years as having somewhat poorer inhibitory control
than girls. Interestingly, this study showed that, contrary to
the gender difference found in parents’ ratings, no gender
differences were found for EF laboratory tasks. Yamamoto
& Imai-Matsumura (2019) found the same discrepant results
between ratings and direct measures. Altogether, these find-
ings suggest that gender differences in ratings might be bet-
ter explained by the boy’s more elevated levels of externaliz-
ing behaviors or the influence of cultural patterns rather than
an actual lower EF ability.

A related concern is that parents might not be accurate
raters because they lack the teachers’ experience or interact
with a reduced number of children of the same age (Korsch
& Petermann, 2014). However, Thorell and Nyberg, (2008)
and Thorell et al., (2010) obtained the-same two-factor struc-
ture from parent and teacher ratings on the CHEXI, indicat-
ing that both parents and teachers can differentiate between
WM and Inhibition in children.

Associations between EF ratings and EF tasks

The weak associations found between CHEXI ratings
and the EF tests replicate results from several previous stud-
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ies (Camerota et al., 2018; Catale et al., 2013; Tonietti et al.,
2017). As suggested by Toplak et al. (2013) this could be a
result of the fact that EF tasks and EF ratings capture at
least partly different constructs. Nevertheless, the small but
significant association in both age groups between children’s
performance on the WM task (CATEG-WM) and the
CHEXI ratings indicate that both measures capture some
common traits. Rather than concluding that ratings are bet-
ter than tests or vice versa, we believe that different types of
EF measures should be seen as complimentary to one an-
other. EF tasks are appropriate to assess optimal perfor-
mance on specific components of EF during a limited time,
while ratings capture average EF skills over an extended pe-
riod of time, and provide a better view of daily life problems
related to EF deficits (Anderson, 2002; Toplak et al., 2013).
We therefore believe that the CHEXI should be regarded as
a valuable measure of preschoolers’ EF functioning in natu-
ral settings.

Strengths, limitations and conclusions

This study was characterized by three key strengths. First, it
included a large sample from diverse sociodemographic
backgrounds. Given the high degree of variability in self-
regulation among preschool-age children, this could be taken
to suggest that our results can be generalized to a broader
population. Second, we found temporal stability over a long-
er period than previous studies, which increase our confi-
dence in that the scores obtained from the CHEXI provides
a reliable measure of EF in young children. Third, the Span-
ish CHEXI was shown to have high internal consistency and
the same two-factor structure found in previous studies
could be replicated.

The limitations of this study arise first, from the fact that
it was not included a clinical sample. Further work needs to
examine to what extent the Spanish CHEXI can differentiate
between normally developing children and children with dis-
orders known to be associated with EF deficits (e.g., those
with ADHD). Second, it was no registered which parent
(mother or father) answered the questionnaire, neither if the
same parent responded the second time. Evidence advises
that there might be differences among raters. Third, un-
published EF tasks were used. However, these tasks were
adaptations of tasks that have successfully been used in the
assessment of EF deficits in school-aged children (Gutiérrez-
Martinez et al., 2018).

In sum, the present study supports and extends previous
research on the measurement of EF in preschool-age chil-
dren by showing that the scores obtained from the Spanish
CHEXI are reliable and provides a suitable instrument to as-
sess BT in young children. However, due to the low associa-
tion between the CHEXI and EF test, ratings such as the
CHEXI should preferably be used as a screening measure or
in combination with EF tests in order to obtain a more de-
tailed picture of a child’s EF ability.
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